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(57) ABSTRACT 

Disclosed is a nonlinear dispersion-shifted optical ?ber, 
Wherein a charornatic dispersion at a Wavelength of 1550 nm 

is equal to a set value required for optical signal processing 
utilizing a nonlinear phenornenon, a dispersion slope at a 
Wavelength of 1550 nm falls Within a range of 0.001 to 0.1 
ps/nrnz/krn, a margin of ?uctuation of the charornatic dis 
persion in a longitudinal direction of the optical ?ber at a 
Wavelength of 1550 nm falls Within a range of 0.01 to 3 

ps/nrn/krn, and a nonlinear constant n2/A61f at a Wavelength 
of 1550 nm is not smaller than 15><10_1O/W. 
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NONLINEAR DISPERSION-SHIFTED OPTICAL 
FIBER, OPTICAL SIGNAL PROCESSING 

APPARATUS USING SAID OPTICAL FIBER AND 
WAVELENGTH CONVERTER USING SAID 

OPTICAL FIBER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Applica 
tions No. 2001-308931, ?led Oct. 4, 2001; No. 2001 
308932, ?led Oct. 4, 2001; and No. 2002-084215, ?led Mar. 
25, 2002, the entire contents of all of Which are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a nonlinear disper 
sion-shifted optical ?ber generating a nonlinear optical 
phenomenon relative to input light as Well as an optical 
signal processing apparatus and a Wavelength converter each 
using the particular optical ?ber. 

[0004] 2. Description of the Related Art 

[0005] The nonlinear optical phenomena that can take 
place Within an optical ?ber include, for example, four Wave 
mixing, self phase modulation, cross phase modulation, and 
stimulated Brillouin scattering. If these phenomena take 
place Within an optical ?ber, Wavelength conversion, phase 
modulation, scattering, etc., are generated, increasing the 
noise component or inhibiting a sufficient transmission of 
the input light. Such being the situation, it Was attempted to 
exclude these nonlinear optical phenomena as much as 
possible in a conventional optical ?ber for transmission. 

[0006] In recent years, the conventional concept has been 
changed so as to carry out Wavelength conversion, in Which 
the Wavelength of an optical signal is changed from the long 
Wavelength side toWard the short Wavelength side, and 
optical signal processing such as Waveform correction for 
correcting the distortion of the Waveform of the optical 
signal by positively utiliZing nonlinear optical phenomena. 

[0007] HoWever, since it Was attempted to exclude non 
linear optical phenomena as much as possible in the past, as 
described above, it is impossible to obtain an optical ?ber 
suitable for carrying out optical signal processing such as 
Wavelength conversion by positively utiliZing nonlinear 
optical phenomena. 
[0008] A nonlinear optical ?ber for carrying out Wave 
length conversion is disclosed in, for example, Re-published 
Patent No. WO 99/10770. HoWever, the nonlinear optical 
?ber disclosed in this prior art is not necessarily suf?cient. 
For example, it has been clari?ed that, if it is intended to 
increase the nonlinearity, it is dif?cult to adjust the charo 
matic dispersion, making it dif?cult to manufacture the 
optical ?ber. 

[0009] Also, in order to utiliZe positively the nonlinear 
optical phenomena of the optical ?ber, it is desirable for the 
optical ?ber to have a desired dispersion value at the 
Wavelength of the input light. Particularly, in order to utiliZe 
Wavelength conversion, it is desirable for the optical ?ber to 
have a Zero dispersion Wavelength in the vicinity of the 
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Wavelength of the input light. HoWever, When it comes to a 
nonlinear optical ?ber, in Which it is dif?cult to adjust the 
Zero dispersion Wavelength, it is laborious to manufacture a 
plurality of different kinds of optical ?ber differing from 
each other in the Zero dispersion Wavelength corresponding 
to the Wavelength of the input light for carrying out optical 
signal processing of, for example, the Wavelength multiplex 
transmission light. 

BRIEF SUMMARY OF THE INVENTION 

[0010] An object of the present invention is to provide a 
practical nonlinear dispersion-shifted optical ?ber, Which is 
suitable for Wavelength conversion or optical signal pro 
cessing utiliZing nonlinear optical phenomena and Which 
can be manufactured easily. 

[0011] Another object of the present invention is to pro 
vide an optical signal processing apparatus using the optical 
?ber noted above. 

[0012] Further, still another object of the present invention 
is to provide a Wavelength converter using the optical ?ber 
noted above. 

[0013] According to a ?rst aspect of the present invention, 
there is provided a nonlinear dispersion-shifted optical ?ber, 
Wherein a charomatic dispersion at a Wavelength of 1550 nm 
is equal to a set value required for optical signal processing 
utiliZing a nonlinear phenomenon, a dispersion slope at a 
Wavelength of 1550 nm falls Within a range of 0.001 to 0.1 
ps/nmZ/km, a margin of ?uctuation of the charomatic dis 
persion in a longitudinal direction of the optical ?ber at a 
Wavelength of 1550 nm falls Within a range of 0.01 to 3 
ps/nm/km, and a nonlinear constant n2/A61f at a Wavelength 
of 1550 nm is not smaller than 15><10_1O/W. 

[0014] According to a second aspect of the present inven 
tion, there is provided a nonlinear dispersion-shifted optical 
?ber, comprising a ?rst core having a refractive index higher 
than that of a clad, a second core formed on a periphery of 
the ?rst core and having a refractive index loWer than that of 
a clad, and a clad formed on a periphery of the second core 
and having a refractive index substantially equal to that of 
pure silica, Wherein an outer diameter D1 of the ?rst core 
falls Within a range of 3 to 8 pm, and a ratio D1/D2 of the 
outer diameter D1 of the ?rst core to an outer diameter D2 
of the second core falls Within a range of 0.3 to 0.85. 

[0015] According to a third aspect of the present inven 
tion, there is provided an optical signal processing apparatus 
comprising the nonlinear dispersion-shifted optical ?ber 
noted above. 

[0016] Further, according to a fourth aspect of the present 
invention, there is provided a Wavelength converter com 
prising the nonlinear dispersion-shifted optical ?ber noted 
above. 

[0017] Additional objects and advantages of the present 
invention Will be set forth in the description Which folloWs, 
and in part Will be obvious from the description, or may be 
learned by practice of the present invention. The objects and 
advantages of the present invention may be realiZed and 
obtained by means of the instrumentalities and combinations 
particularly pointed out hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0018] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
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presently preferred embodiments of the present invention, 
and together With the general description given above and 
the detailed description of the preferred embodiments given 
beloW, serve to explain the principles of the present inven 
tion. 

[0019] FIG. 1A exempli?es the refractive index pro?le of 
an optical ?ber according to one embodiment of the present 
invention; 
[0020] FIG. 1B is a cross sectional vieW of the optical 
?ber shoWn in FIG. 1A; 

[0021] FIG. 2 exempli?es the refractive index pro?le of 
an optical ?ber according to another embodiment of the 
present invention; 

[0022] FIG. 3 is a graph shoWing the ?uctuation in the 
dispersion slope in the case of changing the ratio Da=D1/D2 
of the diameter D1 of the ?rst core to the diameter D2 of the 
second core; and 

[0023] FIG. 4 is a graph shoWing the relationship betWeen 
the pumping light Wavelength and the poWer of the con 
verted light. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] A nonlinear dispersion-shifted optical ?ber accord 
ing to a ?rst aspect of the present invention is such that the 
charomatic dispersion at a Wavelength of 1550 nm is equal 
to the set value required for optical signal processing uti 
liZing a nonlinear phenomenon, the dispersion slope at a 
Wavelength of 1550 nm falls Within a range of 0.001 to 0.1 
ps/nmZ/km, the margin of ?uctuation of the charomatic 
dispersion in the longitudinal direction of the optical ?ber at 
a Wavelength of 1550 nm falls Within a range of 0.01 to 3 
ps/nm/km, and the nonlinear constant n2/Aeff at a Wave 
length of 1550 nm is not smaller than 15><10_1O/W. 

[0025] The margin of ?uctuation of the charomatic dis 
persion referred in this speci?cation denotes the margin of 
?uctuation of the charomatic dispersion measured by a 
measuring device for the distribution of the charomatic 
dispersion over the entire length of an optical ?ber having a 
practical length. It is possible to measure the distribution of 
the charomatic dispersion in the longitudinal direction of the 
optical ?ber by a dispersion distribution measuring device 
utiliZing a system studied by, for example, Mollenauer. As 
examples of speci?c measuring instruments, there is cited 
Measuring Instrument for Distribution of chromatic Disper 
sion AQ7510, AQ7511 made in Ando Electric Inc. and 
Dispersion OTDR Q8480 made in Advantest Inc. 

[0026] In the nonlinear dispersion-shifted optical ?ber 
according to the ?rst embodiment of the present invention, 
it is desirable for the dispersion slope to fall Within a range 
of 0.001 to 0.029 ps/nmZ/km. Also, it is desirable for the 
margin of ?uctuation of the charomatic dispersion in the 
longitudinal direction of the optical ?ber at a Wavelength of 
1550 nm to fall Within a range of 0.3 to 3 ps/nm/km. 

[0027] In the nonlinear dispersion-shifted optical ?ber 
according to the ?rst embodiment of the present invention, 
it is desirable for the cut-off Wavelength to be not longer than 
1350 nm and for the mode ?eld diameter to be not larger 
than 4.5 pm. Further, it is desirable for the change of the 
charomatic dispersion at a Wavelength of 1550 nm to be not 
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larger than 0.006 ps/nm/km When the temperature of the 
optical ?ber is changed by 10° C. Still further, it is desirable 
for the absolute value of the charomatic dispersion at a 
Wavelength of 1550 nm to be not larger than 6 ps/nm/km. 

[0028] It is also desirable for the relative refractive index 
difference A1 betWeen the ?rst core and the clad to fall 
Within a range of 1.6 to 3% and for the relative refractive 
index difference A2 betWeen the second core and the clad to 
fall Within a range of —1 to —0.1%, more desirably —1 to 
—0.5%. Further, it is possible for the refractive index pro?le 
of the ?rst core to be shaped like an a exponential pro?le, in 
Which a is 3.0 or more. 

[0029] The relative refractive index differences A1 and A2 
noted above are de?ned by formulas (1) and (2) given beloW 
in the present speci?cation: 

[0030] Where nf represents the refractive index of that 
portion of the ?rst core Which has the maximum refractive 
index, nS represents the refractive index of that portion of the 
second core Which has the minimum refractive index, and n0 
represents the refractive index of the clad. 

[0031] It is possible to form a stress imparting mechanism 
for imparting a stress in the optical ?ber of the present 
invention. It is also possible to form a carbon layer or a 
silicon carbide layer on the periphery of the clad included in 
the optical ?ber of the present invention. 

[0032] The nonlinear dispersion-shifted optical ?ber 
according to the ?rst aspect of the present invention is a 
nonlinear dispersion-shifted optical ?ber Which generates a 
nonlinear phenomenon to input light having a Wavelength in 
the vicinity of 1550 nm. One of the features of the nonlinear 
dispersion-shifted optical ?ber according to the ?rst aspect 
of the present invention resides in that the dispersion slope 
at a Wavelength of 1550 nm falls Within a range of 0.001 to 
0.1 ps/nmZ/km. Where the dispersion slope is not larger than 
0.1 ps/nmZ/km, as in the present invention, it is possible to 
provide an optical ?ber having a small ?uctuation in the 
dispersion value of the Wavelength relative to a different 
Wavelength in the vicinity of the Wavelength of 1550 nm, 
e.g., to provide an optical ?ber having a small absolute value 
of the charomatic dispersion relative to the various Wave 
lengths in the vicinity of the Wavelength of 1550 nm by a 
single kind of a ?ber. 

[0033] It is also possible to carry out optical signal pro 
cessing utiliZing the nonlinear phenomenon in various Wave 
lengths by using a single ?ber Without markedly changing 
the dispersion value even if the Wavelength of the input light 
is changed. Also, Where the dispersion slope is not larger 
than 0.1 ps/nmZ/km, it is possible to carry out satisfactory 
optical signal processing utiliZing the nonlinear optical 
phenomenon. It is desirable for the dispersion slope to be not 
smaller than 0.001 ps/nmZ/km. The dispersion slope is 
determined in balance With the other characteristics of the 
?ber. It is difficult to design and manufacture an optical ?ber 
having a dispersion slope smaller than 0.001 ps/nm2/km if it 
is intended to alloW the optical ?ber to have a charomatic 
dispersion having a small absolute value in the vicinity of 
the Wavelength of 1550 nm and a small mode ?eld diameter, 
and if the cut-off Wavelength is adjusted to exhibit a single 
mode in the vicinity of the Wavelength of 1550 nm. Under 
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the circumstances, it is desirable for the dispersion slope to 
be not smaller than 0.001 ps/nmZ/km. 

[0034] It is desirable for the dispersion slope to fall Within 
a range of 0.001 to 0.029 ps/nmZ/km, more desirably 0.001 
to 0.019 ps/nmZ/km. 

[0035] Also, it is desirable for the margin of ?uctuation in 
the charomatic dispersion in the longitudinal direction of the 
?ber at the Wavelength of 1550 nm to fall Within a range of 
0.01 to 3 ps/nm/km. Where the margin of ?uctuation in the 
charomatic dispersion in the longitudinal direction of the 
?ber is not larger than 3 ps/nm/km, it is possible to carry out 
satisfactory optical signal processing utiliZing the nonlinear 
optical phenomenon. Also, Where the margin of ?uctuation 
in the charomatic dispersion in the longitudinal direction of 
the ?ber is not larger than 3 ps/nm/km, the difference in the 
charomatic dispersion is small in any portion of the ?ber in 
the case Where the optical ?ber is divided by cutting the 
optical ?ber. In addition, since the dispersion slope is small, 
it is possible to obtain the merit that the difference in the 
dispersion value is small even if the divided optical ?bers are 
used for input lights having various Wavelengths in the 
vicinity of 1550 nm. 

[0036] On the other hand, in order to permit the margin of 
?uctuation in the charomatic dispersion in the longitudinal 
direction of the ?ber to be smaller than 0.01 ps/nm/km, it is 
necessary to obtain an optical ?ber having high uniformity 
in the longitudinal direction of the optical ?ber. It should be 
noted in this connection that, in the nonlinear dispersion 
shifted optical ?ber having a small core diameter and having 
the relative refractive index difference A of the core 
increased so as to diminish the mode ?eld diameter, it is very 
dif?cult to suppress the ?uctuation of the charomatic dis 
persion in the longitudinal direction to a value smaller than 
0.01 ps/nm/km. It folloWs that it is unavoidable to manu 
facture a large number of optical ?bers and to select from 
among the manufactured optical ?bers satisfactory portions 
small in the change of the core diameter. Naturally, the 
productivity is very poor in this case. 

[0037] For example, in the optical ?ber having the struc 
ture in Example 2 referred to herein later, in order to 
suppress the ?uctuation in the charomatic dispersion in the 
longitudinal direction of the optical ?ber to a value not larger 
than 0.01 ps/nm/km it is necessary to suppress the change of 
the diameter of the ?rst core to a value not larger than 0.01%. 
Naturally, the productivity is very poor. 

[0038] As described previously, it is necessary for the 
dispersion slope at a Wavelength of 1550 nm to fall Within 
a range of 0.001 to 0.1 ps/nmZ/km. It is also necessary for 
the margin of ?uctuation of the charomatic dispersion in the 
longitudinal direction of the optical ?ber at a Wavelength of 
1550 nm to fall Within a range of 0.01 to 3 ps/nm/km. Only 
Where these tWo requirements are satis?ed simultaneously is 
made it possible to carry out satisfactory optical signal 
processing utiliZing a nonlinear optical phenomenon relative 
to various Wavelengths in the vicinity of 1550 nm and to 
manufacture satisfactorily the nonlinear dispersion-shifted 
optical ?ber. In addition, the total cost performance can be 
improved. 

[0039] Further, it is desirable for the margin of ?uctuation 
of the charomatic dispersion in the longitudinal direction of 
the optical ?ber to fall Within a range of 0.3 to 3 ps/nm/km 
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at a Wavelength of 1550 nm. If the margin of ?uctuation of 
the charomatic dispersion in the longitudinal direction of the 
optical ?ber is not smaller than 0.3 ps/nm/km, the alloWable 
range of the change of the core diameter in the longitudinal 
direction of the optical ?ber is Widened. As a result, the 
productivity is further improved. In addition, in the signal 
processing utiliZing a nonlinear optical phenomenon other 
than Wavelength conversion utiliZing four Wave mixing, it 
suf?ces for the margin of ?uctuation of the charomatic 
dispersion in the longitudinal direction of the optical ?ber to 
fall Within a range of 0.3 to 3 ps/nm/km. 

[0040] It is possible for the margin of ?uctuation of the 
charomatic dispersion in the longitudinal direction of the 
optical ?ber having a length not larger than 5 km to fall 
Within a range of betWeen 0.01 and 0.2 ps/nmZ/km. Where 
the length of the optical ?ber is not larger than 5 km, the 
productivity is not loWered even if the margin of ?uctuation 
of the charomatic dispersion is set not to exceed 0.2 ps/nm2/ 
km. Also, if the margin of ?uctuation of the charomatic 
dispersion is not to exceed 0.2 ps/nmZ/km, it is possible to 
perform satisfactorily Wavelength conversion utiliZing four 
Wave mixing. 

[0041] Also, it is desirable for the cut-off Wavelength to be 
not larger than 1350 nm. Where the cut-off Wavelength is not 
larger than 1350 nm, it is possible to use the optical ?ber 
over a Wide band including the S and C bands. 

[0042] For example, it is desirable to construct the optical 
?ber such that a second core having a refractive index loWer 
than that of the clad is arranged to surround the periphery of 
a ?rst core, and that the ratio D1/D2 of the outer diameter D1 
of the ?rst core to the outer diameter D2 of the second core 
and the absolute value of the charomatic dispersion are set 
to fall Within prescribed ranges. Where the optical ?ber is 
constructed as described above, it is possible to obtain 
simultaneously a loW cut-off Wavelength not longer than 
1350 nm, a high nonlinear constant not loWer than 15x10“ 
10/W, and a small dispersion slope not larger than 0.029 
ps/nmZ/km. 
[0043] It is desirable for the mode ?eld diameter to be not 
larger than 4.5 pm. If the mode ?eld diameter is set to be not 
larger than 4.5 pm, it is possible to obtain a high nonlinear 
constant. In order to increase the nonlinear constant, Which 
is represented by nz/Ae?f, it is necessary to increase the 
nonlinear refractive index n2 or to decrease the effective core 
area A65. Incidentally, the effective core area Aeff has a 
positive correlation With the mode ?eld diameter. 

[0044] It is possible to obtain a high nonlinear constant by 
setting the mode ?eld diameter at a level not higher than 4.5 
pm. Asmall mode ?eld diameter can be obtained by increas 
ing the relative refractive index difference betWeen the core 
and the clad. HoWever, if the relative refractive index 
difference betWeen the core and the clad is simply increased, 
the cut-off Wavelength is shifted toWard the side of the 
longer Wavelength, making it dif?cult to ensure the single 
mode transmission over a Wide band. On the other hand, in 
the case of employing the construction recited in, for 
example, claim 6, it is possible to obtain both a small mode 
?eld diameter and a loW cut-off Wavelength. 

[0045] Further, it is desirable for the change of the charo 
matic dispersion at a Wavelength of 1550 nm to be not larger 
than 0.006 ps/nm/km When the temperature of the optical 
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?ber is changed by 10° C. Where Wavelength conversion is 
carried out by, for example, four Wave mixing, the conver 
sion ef?ciency is maximized When the Wavelength of a 
pumping light coincides With the Zero dispersion Wavelength 
of the optical ?ber. HoWever, the conversion ef?ciency is 
loWered if the Wavelength of a pumping light is deviated, 
even if slightly, from the Zero dispersion Wavelength of the 
optical ?ber. If the dispersion characteristics of the optical 
?ber are changed With temperature, a problem is generated 
that the conversion ef?ciency is made unstable by the 
environmental temperature. 

[0046] Where the change of the charomatic dispersion at 
a Wavelength of 1550 nm is not larger than 0.006 ps/nm/km 
When the temperature of the optical ?ber is changed by 10° 
C., it is possible to obtain a conversion ef?ciency that is 
stable Within a practical temperature range. As described 
previously, a second core having a refractive index loWer 
than that of the clad is formed on the periphery of a ?rst core. 
In the present invention, the ratio D1/D2 of the outer 
diameter D1 of the ?rst core to the outer diameter D2 of the 
second core and the absolute value of the charomatic dis 
persion are set to fall Within prescribed ranges. Also, the 
relative refractive index difference A1 and the relative 
refractive index difference A2 are set to fall Within pre 
scribed ranges. It is desirable to construct the optical ?ber as 
described above because the particular construction permits 
facilitating the manufacture of an optical ?ber in Which the 
change of the charomatic dispersion at a Wavelength of 1550 
nm is suppressed to 0.006 ps/nm/km or less When the 
temperature of the optical ?ber is changed by 10° C. 

[0047] The nonlinear dispersion-shifted optical ?ber 
according to the second aspect of the present invention 
comprises a ?rst core having a refractive index higher than 
that of a clad, a second core formed on the periphery of said 
?rst core and having a refractive index loWer than that of a 
clad, and a clad formed on the periphery of said second core 
and having a refractive index substantially equal to that of 
pure silica, Wherein the outer diameter D1 of said ?rst core 
falls Within a range of 3 to 8 pm, and the ratio D1/D2 of the 
outer diameter D1 of said ?rst core to the outer diameter D2 
of said second core falls Within a range of 0.3 to 0.85. 

[0048] In the nonlinear dispersion-shifted optical ?ber 
according to the second aspect of the present invention, it is 
desirable for the ratio D1/D2 of the outer diameter D1 of the 
?rst core to the outer diameter D2 of the second core to fall 
Within a range of 0.3 to 0.80. It is also desirable for the 
absolute value of the charomatic dispersion at a Wavelength 
of 1550 nm to be not larger than 6 ps/nm/km. 

[0049] Also, it is desirable for the relative refractive index 
difference A1 betWeen the ?rst core and the clad to fall 
Within a range of 1.6 to 3% and for the relative refractive 
index difference A2 betWeen the second core and the clad to 
fall Within a range of —1 to 0.1%, more desirably —1 to —0.5. 

[0050] Further, it is desirable for the refractive index 
pro?le of the ?rst core to be shaped like an a exponential 
pro?le, in Which a is 3.0 or more. Also, it is possible for the 
optical ?ber to include a stress imparting mechanism for 
imparting a stress to the optical ?ber and a carbon layer or 
a silicon carbide layer formed on the periphery of the clad 
included in the optical ?ber as in the optical ?ber according 
to the ?rst aspect of the present invention. 
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[0051] Various embodiments of the present invention Will 
noW be described With reference to the accompanying 
draWings. 
[0052] FIG. 1A exempli?es the refractive index pro?le of 
the optical ?ber according to one embodiment of the present 
invention. As shoWn in FIG. 1A, the optical ?ber according 
to one embodiment of the present invention comprises a ?rst 
core 1 having a refractive index higher than that of a clad 3, 
a second core 2 formed on the periphery of the ?rst core 1 
and having a refractive index loWer than that of the clad 3, 
and the clad 3 formed on the periphery of the second core 2 
and having a refractive index equal or close to that of pure 
silica. 

[0053] FIG. 2 exempli?es the refractive index pro?le of 
an optical ?ber according to another embodiment of the 
present invention. As shoWn in FIG. 2, in the optical ?ber 
according to this embodiment, the second core 2 shoWn in 
FIG. 1A is omitted so as to permit the clad to be formed 
directly on the periphery of the ?rst core 1. It should be 
noted that the optical ?ber according to the embodiment 
shoWn in FIG. 1A is more desirable than the optical ?ber 
according to the embodiment shoWn in FIG. 2 because, if 
the refractive index pro?le of the optical ?ber is of W type 
as shoWn in FIG. 1A, it is possible to obtain easily an optical 
?ber having high nonlinearity and a loW dispersion slope, 
making it possible to Widen the design range of the outer 
diameter of the ?rst core and the outer diameter of the 
second core of the optical ?ber. 

[0054] Incidentally, the ?rst core diameter D1 and the 
second core diameter D2 shoWn in FIGS. 1A and 2 can be 
determined as folloWs. 

[0055] It should be noted that the ?rst core diameter D1 
shoWn in FIG. 1A is equal to the outer diameter of that 
portion of the ?rst core 1 Which has a refractive index equal 
to that of the clad 3. Also, the second core diameter D2 is 
equal to the outer diameter of that portion of the boundary 
region betWeen the second core 2 and the clad 3 Which has 
a refractive index of A2/10. Further, the core diameter D1 
shoWn in FIG. 2 is equal to the outer diameter of that portion 
of the ?rst core portion 1 Which has a refractive index of 
A1/10. 

[0056] The ?rst core 1 is formed of a germanium-doped 
silica glass, the second core 2 is formed of a ?uorine-doped 
silica glass, and the clad 3 is formed of pure silica. The outer 
diameter D1 of the ?rst core falls Within a range of 3 to 8 pm. 
Also, in the structure shoWn in FIG. 1A, the ratio D1/D2 of 
the outer diameter D1 of the ?rst core to the outer diameter 
D2 of the second core falls Within a range of 0.3 to 0.85, 
preferably betWeen 0.3 and 0.80. In this case, it is desirable 
for the absolute value of the charomatic dispersion at a 
Wavelength of 1550 nm to be not larger than 6 ps/nm/km. 

[0057] In the embodiment described above, it is desirable 
for the relative refractive index difference A1 betWeen the 
?rst core and the clad to fall Within a range of 1.6 to 3%, 
more desirably 1.8 to 2.9%. Also, in the structure shoWn in 
FIG. 1A, it is desirable for the relative refractive index 
difference A2 betWeen the second core and the clad to fall 
Within a range of —1 to —0.1%, more desirably —1 to —0.5%. 

[0058] It is possible for the refractive index pro?le of the 
?rst core to be shaped like an a exponential pro?le, in Which 
a is 3.0 or more, preferably 4.0 or more. Also, it is desirable 
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for the nonlinear constant at a Wavelength of 1550 nm to be 
not smaller than 15><10_1O/W. 

[0059] FIG. 1B exempli?es the cross sectional vieW of the 
optical ?ber shoWn in FIG. 1A. As shoWn in FIG. 1B, a 
stress imparting part 4 for imparting a stress is buried in the 
clad 3. The stress imparting parts 4, Which are formed of a 
silica glass containing B203, are arranged on both sides in 
a manner to have the ?rst core 1 and the second core 2 
interposed therebetWeen. 

[0060] The nonlinear optical phenomenon is greatly 
affected by the state of polariZation. Therefore, in order to 
carry out satisfactory optical signal processing utiliZing the 
nonlinear optical phenomenon, it is desirable to use an 
optical ?ber performing the function of maintaining the 
polariZation. Under the circumstances, the stress imparting 
parts are formed in the optical ?ber according to this 
embodiment so as to provide an optical ?ber maintaining the 
polariZation. 

[0061] Also, as shoWn in FIG. 1B, a protective layer 5 
consisting essentially of carbon or silicon carbide is formed 
on the periphery of the clad 3. The protective layer 5 
functions as a hermetic coating that makes it possible to 
suppress the progress of the fatigue and to prevent the 
permeation of Water even if the optical ?ber is exposed to 
Water or to a high humidity environment for a long time. 

[0062] Further, in the optical ?ber according to this 
embodiment, the dispersion slope at a Wavelength of 1550 
nm falls Within a range of 0.001 to 0.1 ps/nmZ/km, prefer 
ably 0.001 to 0.029 ps/nm2/km, and more preferably 0.001 
to 0.019 ps/nmZ/km, and the margin of ?uctuation of the 
charomatic dispersion in the longitudinal direction of the 
optical ?ber at a Wavelength of 1550 nm falls Within a range 
of 0.01 to 3 ps/nm/km, preferably 0.3 to 3 ps/nm/km. 

[0063] Incidentally, the processing efficiency of the optical 
signal processing utiliZing the nonlinear optical phenom 
enon is improved When a desired dispersion value is exhib 
ited under the Wavelength used. For example, in Wavelength 
conversion utiliZing four Wave mixing, it is optimum for the 
charomatic dispersion to be Zero under the Wavelength of a 
pumping light. On the other hand, in the Waveform recti? 
cation called optical 2R and optical 3R, the desired charo 
matic dispersion differs depending on the speci?c system 
used. Incidentally, the “optical 2R” represents “Regenerat 
ing” and “Reshaping”, and the “optical 3R” represents the 
optical 2R and “Retiming”. 

[0064] The nonlinear phase deviation (DNL, Which is a 
parameter denoting the nonlinear characteristics, is repre 
sented by formula (3) given beloW: 

[0065] Where n2 represents the nonlinear refractive index, 
Aeff represents the effective core area, I represents the 
intensity of light, and LSEE represents the effective length of 
the optical ?ber. 

[0066] As apparent from formula (3) given above, a high 
nonlinear function can be obtained if the optical ?ber is long. 
HoWever, in the case of using a long optical ?ber, the inner 
volume of the nonlinear optical ?ber inside the optical signal 
processing apparatus utiliZing the nonlinear phenomenon is 
increased so as to make it dif?cult to doWnsiZe the optical 
signal processing apparatus utiliZing the nonlinear phenom 
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enon. It folloWs that it is required for the nonlinear optical 
?ber used in the optical signal processing apparatus utiliZing 
the nonlinear phenomenon to exhibit high nonlinearity even 
if the optical ?ber is made as short as possible. In other 
Words, formula (3) given above indicates that the value of 
nZ/Aeff (nonlinear constant) should be as large as possible. 
The nonlinear refractive index n2 is determined by the 
material. Concerning the construction of the optical ?ber, the 
value of Aeff is required to be as small as possible. It should 
be noted that the effective core area Aeff has a positive 
correlation to the mode ?eld diameter. 

[0067] It folloWs that, in order to obtain an optical ?ber 
having high nonlinearity, the optical ?ber is required to be 
constructed to have a small mode ?eld diameter. It is also 
required for the absolute value of the charomatic dispersion 
under the Wavelength used to be small. Further, in the single 
mode optical ?ber, the cut-off Wavelength is required to be 
short in accordance With the Wavelength used. 

[0068] In vieW of the situation described above, the optical 
?ber according to one embodiment of the present invention 
is of a W-type refractive index pro?le as shoWn in FIG. 1A, 
and the optical ?ber according to another embodiment of the 
present invention is of a single ridge type refractive index 
pro?le as shoWn in FIG. 2. 

[0069] It is desirable for the outer diameter D1 of the ?rst 
core to fall Within a range of 3 to 8 pm. In the case of using 
a silica-based glass, the ?rst core diameter that permits 
diminishing the absolute value of the charomatic dispersion 
at 1550 nm falls Within a ?rst range in Which the core 
diameter is shorter than 3 pm or a second range in Which the 
core diameter falls Within a range of 3 to 8 pm. HoWever, in 
the ?rst range in Which the core diameter is shorter than 3 
pm, the dispersion value is greatly changed even by a small 
change in the core diameter so as to make it dif?cult to 
obtain an optical ?ber having a high uniformity of the 
charomatic dispersion in the longitudinal direction of the 
optical ?ber. In addition, the cut-off Wavelength exceeds 
1550 nm. Naturally, it is undesirable for the ?rst core 
diameter to fall Within the ?rst range in Which the core 
diameter is shorter than 3 pm. 

[0070] It is desirable for the ratio D1/D2 of the outer 
diameter D1 of the ?rst core to the outer diameter D2 of the 
second core to fall Within a range of 0.3 to 0.85, more 
desirably 0.3 to 0.80. Where the ratio D1/D2 falls Within the 
range noted above, it is possible to diminish the absolute 
value of the charomatic dispersion at a Wavelength of 1550 
nm and, at the same time, to diminish the dispersion slope 
at a Wavelength of 1550 nm. 

[0071] Further, it is desirable for the relative refractive 
index difference A1 betWeen the ?rst core and the clad to fall 
Within a range of 1.6 to 3% and for the relative refractive 
index difference A2 betWeen the second core and the clad to 
fall Within a range of —0.1 to —1%. 

[0072] Where the relative refractive index difference A1 
betWeen the ?rst core and the clad is smaller than 1.6%, the 
mode ?eld diameter is large. As a result, nonlinearity is 
loWered. On the other hand, Where the relative refractive 
index difference A1 noted above exceeds 3%, the cut-off 
Wavelength exceeds 1550 nm, With the result that the 
consideration for the cut-off Wavelength for making the 
optical ?ber operable under the single mode is increased. As 
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a result, the productivity is made poor. Also, the outer 
diameter of the ?rst core is made excessively small When it 
is intended to diminish the absolute value of the charomatic 
dispersion at a Wavelength of 1550 nm. As a result, the 
charomatic dispersion is greatly changed even by a small 
change in the core diameter. It folloWs that it is difficult to 
obtain an optical ?ber having a high uniformity of the 
charomatic dispersion in the longitudinal direction of the 
optical ?ber. 

[0073] It is more desirable for the relative refractive index 
difference A1 noted above to fall Within a range of 1.8 to 
2.9%. Where the relative refractive index difference A1 falls 
Within the range noted above, it is possible to manufacture 
an optical ?ber having high nonlinearity and a high unifor 
mity of the charomatic dispersion in the longitudinal direc 
tion. 

[0074] If the relative refractive index difference A2 
betWeen the second core and the clad is larger than —0.1%, 
the dispersion slope is made small When it is intended to 
diminish the absolute value of the charomatic dispersion at 
a Wavelength of 1550 nm, making it dif?cult to design the 
optical ?ber. On the other hand, if the relative refractive 
index difference A2 noted above is smaller than —1%, it is 
necessary for the optical ?ber to be doped With a large 
amount of, for example, ?uorine, making it dif?cult to 
manufacture an optical ?ber. 

[0075] It is more desirable for the relative refractive index 
difference A2 to fall Within a range of —1 to —0.5%. If the 
relative refractive index difference A2 falls Within the range 
noted above, it is possible to achieve a loW dispersion slope 
and to manufacture an optical ?ber easily. 

[0076] Also, the relative refractive index difference A2 
fallen Within a range of —1.2 to —0.9% makes the cutoff 
Wavelength shorter and the dispersion slope loWer even if 
the relative refractive index difference A1 is made greater. 
The optical ?ber preform, in Which the relative refractive 
index difference A2 fall not large than —0.9%, is obtained by 
sintering the SiO2 soot body formed With Vapour Phase 
Deposition Method under a puressurised atmosphere includ 
ing ?uorine. 

[0077] Furthermore, it is desirable, for the relative refrac 
tive index difference As1 betWeen the ?rst core and pure 
silica to fall Within a range of 1.6 to 3%, for the relative 
refractive index difference As2 betWeen the second core and 
pure silica to fall Within a range of —1.2 to —0.9% and for the 
relative refractive index difference As3 betWeen the clad and 
pure silica to fall Within a range of —0.7 to —0.1%. The 
relative refractive index differences As1, As2 and As3 are 
de?ned by formulas (4), (5) and (6) given beloW in the 
present speci?cation: 

[0078] Where np represents the refractive index of 
pure silica. 

[0079] It should also be noted that, Where the nonlinear 
constant n2/ASEE is not smaller than 15><10_1O/W, it is pos 
sible to obtain high nonlinearity. 

EXAMPLES 

[0080] Tables 1 and 2 shoW the relationship betWeen the 
design values obtained by simulation calculation of the 
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Waveguide characteristics and the characteristic values in 
respect of various samples (Examples 1 to 6 and Compara 
tive Examples 1 to 4) of the nonlinear dispersion-shifted 
optical ?ber. 

[0081] Table 3 and 4 shoW the refractive index pro?les and 
the characteristic values of Examples 1, 2, 7 to 10 Which are 
obtained as a result of experimental manufacture. The 
refractive index pro?les and the characteristic values of 
Example 1 and Example 2 shoWn in Table 3 and Table 4 are 
obtained With respect to the ?bers actually manufactured 
based upon the design values of Example 1 and Example 2 
shoWn in Table 1. 

[0082] Each of Examples 1, 2, 4 to 7, 9, 10 and Compara 
tive Examples 1 to 3 is directed to an optical ?ber including 
a ?rst core, a second core and a clad and exhibiting the 
refractive index pro?le shoWn in FIG. 1A. On the other 
hand, each of Examples 3, 8 and Comparative Example 4 is 
directed to an optical ?ber including a single core and a clad 
and exhibiting the refractive index pro?le shoWn in FIG. 2. 

[0083] As apparent from Tables 1 and 2, the optical ?ber 
for each of Examples 1 to 6 has a small absolute value of the 
charomatic dispersion under the Wavelength of 1550 nm, is 
small in the dispersion slope, and is small in the mode ?eld 
diameter. Furthermore, as apparent from Tables 3 and 4, the 
same noted above is also true of Example 7 to 10. 

[0084] Where the dispersion slope is small, it is possible 
to carry out satisfactory signal processing utiliZing the 
nonlinearity, and it is also possible to cope With various 
Wavelengths in the vicinity of 1550 nm. Also, Where the 
mode ?eld diameter is small, the nonlinearity can be 
increased so as to provide an excellent optical ?ber. 

[0085] The charomatic dispersion at 1550 nm is dependent 
on the core diameter. The absolute value of the charomatic 
dispersion can be certainly diminished even by the core 
diameter of the optical ?ber for Comparative Example 4. 
HoWever, the nonlinearity is diminished because the mode 
?eld diameter is large. Also, as apparent from comparison 
betWeen Comparative Example 1 and Comparative Example 
3 in Table 1 and 2, the dispersion is greatly changed, i.e., 
changed by about 20 ps/nm/km, by the change in the ?rst 
core diameter by about 0.1 pm, making it difficult to obtain 
an optical ?ber in Which the margin of ?uctuation of the 
charomatic dispersion in the longitudinal direction of the 
optical ?ber is not larger than 3 ps/nm/km. 

[0086] On the other hand, the comparison betWeen 
Example 1 and Example 5 in Table 1 and 2 supports that, 
even if the ?rst core diameter is changed by about 0.1 pm, 
the change of dispersion is only about 2 ps/nm/km, and that, 
if the ?rst core diameter is not smaller than 3 pm, it is 
possible to obtain an optical ?ber having a high uniformity 
of the charomatic dispersion in the longitudinal direction of 
the optical ?ber even if the core diameter is slightly changed 
in the longitudinal direction of the optical ?ber. 

[0087] Also, the comparison betWeen Example 1 and 
Example 3 in Table 1 and 2 supports that the optical ?ber for 
Example 1 employing a W-type pro?le is superior to the 
optical ?ber of a single ridge type for Example 3 in that the 
dispersion slope and the cut-off Wavelength of the optical 
?ber for Example 1 are smaller than those of the optical ?ber 
for Example 3. 
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[0088] FIG. 3 is a graph showing the change of the 
dispersion slope relative to the change in the ratio Da, i.e., 
the ratio D1/D2, of the ?rst core diameter D1 to the second 
core diameter D2, in respect of the optical ?bers having the 
constructions of Example 1 and Example 2. In FIG. 3, the 
?rst core diameter D1 and the second core diameter D2 are 
adjusted to permit the charomatic dispersion at 1550 nm to 
be Zero. 

[0089] The ?rst core diameter that permits diminishing the 
absolute value of the charomatic dispersion at 1550 nm falls 
Within a ?rst range in Which the core diameter is not longer 
than 3 pm and Within a second range in Which the core 
diameter falls Within a range of 3 to 8 pm. The dispersion 
slope shoWn in FIG. 3 covers the case Where the charomatic 
dispersion at 1550 nm becomes Zero Within the second range 
in Which the ?rst core diameter falls Within a range of 3 to 
8 pm. 

[0090] In FIG. 3, curve “a” covers an optical ?ber having 
the construction of Example 2, and curve “b” covers an 
optical ?ber having the construction of Example 1. As 
apparent from FIG. 3, the dispersion slope When the charo 
matic dispersion is set small is increased if the ratio Da 
exceeds 0.8. Clearly, it is desirable for the ratio Da to be not 
larger than 0.8. The graph of FIG. 3 also shoWs that, if the 
ratio Da is smaller than 0.3, the dispersion slope When the 
charomatic dispersion is set small is increased, supporting 
that it is desirable for the ratio Da to be not smaller than 0.3. 

[0091] Where the optical ?ber has the refractive index 
pro?le shoWn in FIG. 1A and Where the ratio Da, i.e., the 
ratio D1/D2, is set to fall Within a range of 0.3 to 0.8 With 
the value of D1 set to fall Within a range of 3 to 8 pm, it is 
possible to permit the charomatic dispersion at, for example, 
1550 nm to be Zero and to permit the dispersion slope at this 
Wavelength to be not larger than 0.035 ps/nmZ/km. 

[0092] The refractivr index pro?les and the characteristic 
values of Example 1 and Example 2 shoWn in Table 3 and 
Table 4 are obtained With respect to the ?bers actually 
manufactured based upon the design values of Example 1 
and Example 2 shoWn in Table 1. Furthermore, the refractivr 
index pro?les and the characteristic values of Example 9 and 
Example 10 shoWn in Table 3 and Table 4 are also obtained 
With respect to the ?bers actually manufactured. The dis 
persion slope Was found to be 0.016 ps/nmZ/km for the 
obtained optical ?ber for Example 1, 0.022 ps/nmZ/km for 
the obtained optical ?ber for Example 2, 0.010 ps/nmZ/km 
for the obtained optical ?ber for Example 9 and 0.014 
ps/nm2/km for the obtained optical ?ber for Example 10. 
The other characteristics of the obtained optical ?bers Were 
substantially equal to the values obtained by the simulation. 

[0093] The dispersion slope of the actually manufactured 
optical ?ber Was found to be smaller by about 0.006 ps/nm2/ 
km than the value obtained by the simulation. It should be 
noted that, Where the optical ?ber exhibits the refractive 
index pro?le shoWn in FIG. 1A and Where the values of D1 
and the ratio Da, i.e., the ratio D1/D2, are set to fall Within 
the ranges noted above, it is possible to permit the charo 
matic dispersion at, for example, 1550 nm to be Zero and it 
is also possible to permit the dispersion slope at this Wave 
length to be not larger than 0.029 ps/nmZ/km. 

[0094] Incidentally, the value obtained by the simulation 
differs someWhat from the result of the actual manufacture. 
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It should be noted in this connection that, in the actual 
manufacture of an optical ?ber by the ?ber draWing, the 
refractive index pro?le is someWhat changed from the 
design value by the diffusion of the dopant component. Also, 
the ?rst core and the second core doped With germanium or 
?uorine differ from the clad made of pure silica or a material 
close to the pure silica in the softening temperature and the 
viscosity in the softening state. As a result, the ?rst core and 
the second core differ from the clad in the solidifying rate in 
the ?ber draWing step so as to give rise to a strain. It is 
considered reasonable to understand that the strain genera 
tion affects the characteristics of the actually manufactured 
optical ?ber. 
[0095] The distribution of the charomatic dispersion in the 
longitudinal direction of the optical ?ber Was measured in 
respect of the manufactured optical ?ber. The margin of 
?uctuation of the charomatic dispersion Was found to be 
about 0.7 ps/nm/km for the optical ?ber for Example 1 and 
about 2.0 ps/nm/km for the optical ?ber for Example 2. Also, 
the values of n2/ASEE denoting the nonlinearity Were mea 
sured by an XPM method in respect of the manufactured 
optical ?bers. In Table 4, the manufactured optical ?bers 
Were found to have high nonlinearity, i.e., about 33><10_10/W 
for the optical ?ber for Example 1 about 40><10_1O/W for the 
optical ?ber for Example 2, about 55><10_1O/W for the 
optical ?ber for Example 9 and about 62><10_1O/W for the 
optical ?ber for Example 10. 

[0096] Further, Wavelength conversion test Was applied to 
the manufactured optical ?ber for Example 7 having a 
refractive index pro?le shoWn in FIG. 1A and to the 
manufactured optical ?ber for Example 8 having a single 
ridge type refractive index pro?le shoWn in FIG. 2. FIG. 4 
is a graph shoWing the results. 

[0097] As shoWn in FIG. 4, the optical ?ber for Example 
7 having a small dispersion slope Was found to have a 
tolerance of the pumping light Wavelength ()tpump), Which is 
about tWice as broad as that for the optical ?ber for Example 
8. This supports that the small dispersion slope is useful and 
that the refractive index pro?le structure shoWn in FIG. 1A 
is excellent. Incidentally, curve “c” in FIG. 4 denotes the 
experimental data in respect of Wavelength conversion test 
for the optical ?ber for Example 7, and curve “d” denotes the 
experimental data in respect of Wavelength conversion test 
for the optical ?ber for Example 8. 
[0098] Wavelength conversion test Was conducted by 
inputting a pumping light and a signal light to an optical 
?ber manufactured on the trial manufacture so as to measure 

the poWer of the converted light. The pumping light Wave 
length ()tpump) and the signal light Wavelength Were changed 
While maintaining constant the difference betWeen these tWo 
Wavelengths. When the Wavelength of the pumping light 
Was set to fall Within a range of :3 nm of the Zero dispersion 
Wavelength )to, the poWer of the converted light Was put in 
the maximum range. 

[0099] As described above, it is possible to achieve the 
most ef?cient Wavelength conversion When the Wavelength 
()tpump) of the pumping light is alloWed to be coincident With 
the Zero dispersion Wavelength ()to) of the optical ?ber of the 
present invention, or When the Wavelength (kpump) of the 
pumping light falls Within a range of :3 nm of the Zero 
dispersion Wavelength. 
[0100] Also, the poWer of the converted light tends to be 
loWered based upon increase in the difference betWeen the 



US 2003/0095767 A1 

Wavelength ()tpump) of the pumping light and the Zero 
dispersion Wavelength (20). However, in the case of using 
the optical ?bers according to the Examples of the present 
invention, the poWer of the converted light don’t severely 
diminish even if the Wavelength (kpump) of the pumping 
light is made different from the Zero dispersion Wavelength 
()to) of the optical ?ber. In other Words, the optical ?ber 
according to the Example of the present invention produces 
the merit that it is possible to Widen the set range (tolerance 
of the Wavelength of the pumping light) of the Wavelength 
()tpump) of the pumping light Within Which it is possible to 
obtain the converted light having at least a prescribed poWer. 
Particularly, it is desirable to use an optical ?ber having a 
dispersion slope falling Within a range of 0.001 to 0.029 
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ps/nmZ/km because the set range of the Wavelength (kpump) 
of the pumping light can be Widened in the case of using the 
particular optical ?ber. 

[0101] Table 2 also shoWs the dependence of the charo 
matic dispersion on temperature in Which the charomatic 
dispersion at a Wavelength of 1550 nm Was measured Within 

a range of 0° C. to 40° C. in respect of the optical ?bers 
manufactured by Way of trial as Examples 7 and 8. As shoWn 
in Table 2, it is possible to obtain an optical ?ber that is small 
in the change of the charomatic dispersion in spite of the 
change of temperature in the case of employing the structure 
having the refractive index pro?le shoWn in FIG. 1A. 

TABLE 1 

First Core Second 
First Second First core diameter core Clad 

core core core diameter D1 ratio diameter material/outer 

A 1 % A 2 % or value ,urn D1/D2 = Da D2 [urn diameter/[um 

Example 1 2.0 —0.55 4 4.45 0.57 7.8 Silica/125 
Example 2 2.85 —0.6 5.6 4.0 0.6 6.7 Silica/125 
Example 3 2.55 none 4 4.5 — — Silica/125 

Example 4 2.0 —0.55 4 4.46 0.57 7.8 Silica/125 

Example 5 2.0 —0.55 4 4.56 0.57 8.0 Silica/125 
Example 6 1.6 —0.9 16 4.05 0.5 8.1 Silica/125 

Comparative 2.0 —0.55 4 1.94 0.57 3.4 Silica/125 
Example 1 
Comparative 2.0 —0.55 4 2.00 0.57 3.5 Silica/125 

Example 2 
Comparative 2.0 —0.55 4 2.05 0.57 3.6 Silica/125 
Example 3 
Comparative 1.0 none 4 2.50 — — Silica/125 

Example 4 

[0102] 

TABLE 2 

Change in 
dispersion per 
change in 

Nonlinear Mode temperature of 
constant Dispersion Cut off ?eld 100 C. 

n2/Aeff Dispersion slop Wavelength diameter ps/nm/km/ 
x10’1D/W Ps/nm/km Ps/nm2/km nm [um 100 C. 

Example 1 — —1.09 0.022 1201 4.14 — 

Example 2 — 0.62 0.026 1417 3.62 — 

Example 3 — —0.39 0.043 1542 4.04 — 

Example 4 — —1.08 0.023 1200 4.14 — 

Example 5 — 1.23 0.027 1232 4.17 — 

Example 6 — 0.61 0.0037 1097 4.09 — 

Comparative — 12.18 0.225 541 43.4 — 

Example 1 
Comparative — 3.92 0.318 555 30 — 

Example 2 
Comparative — —8.09 0.411 570 21.7 — 

Example 3 
Comparative — —0.18 0.412 548 15.9 — 

Example 4 
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[0103] 

TABLE 3 

First Second 
core core First Core Second 

A 1 or A 2 or First core diameter core Clad 

A s1 A s2 core diameter ratio diameter material/outer 
% % or value D1 [um D1/D2 = Da D2 [um diameter/[um 

Example 1 2.0 —0.55 4 4.45 0.57 7.8 Silica/125 
Example 2 2.85 —0.6 5.6 4.0 0.6 6.7 Silica/125 
Example 7 2.0 —0.55 4 4.4 0.56 7.9 Silica/125 
Example 8 2.55 none 4 4.6 — — Silica/125 

Example 9 2.85 —1 5.4 3.6 0.4 9.1 Silica/125 
Example 10 2.85 —1 5.3 3.6 0.4 9.1 A 3 =— 0.3%/125 

[0104] 

TABLE 4 

Change in 
Dispersion 
per change 

Nonlinear Mode in temperature 
constant Dispersion Cut off ?eld of 10° C. 
n2/Aeff Dispersion slop Wavelength diameter ps/nm/km/ 
x10’1°/W Ps/nm/km Ps/nm2/km nm ,um 10° C. 

Example 1 33 —0.7 0.016 1206 4.2 — 

Example 2 40 0.8 0.022 1412 3.7 — 

Example 7 32 0.1 0.016 1200 4.2 0.0029 
Example 8 33 0.1 0.039 1510 4.3 0.0072 
Example 9 55 0.02 0.022 1218 3.4 — 

Example 10 62 0.03 0.027 1340 3.4 — 

[0105] As described above in detail, according to the 
nonlinear dispersion-shifted optical ?ber of the present 
invention, it is possible to carry out excellent optical signal 
processing utilizing a nonlinear phenomenon in respect of 
various Wavelengths in the vicinity of 1550 nm. In addition, 
the present invention is excellent in the manufacturing 
capability of an optical ?ber and, thus, is highly useful in the 
industry. For example, it is possible to carry out excellent 
optical signal processing utilizing a nonlinear phenomenon 
in respect of various Wavelengths in the vicinity of 1550 nm 
by deviding a single optical ?ber. 

[0106] Also, the optical signal processing apparatus pro 
vided With the nonlinear dispersion-shifted optical ?ber of 
the present invention is excellent in optical signal processing 
utilizing a nonlinear phenomenon. Further, the Wavelength 
converter provided With the nonlinear dispersion-shifted 
optical ?ber of the present invention is excellent in Wave 
length conversion utilizing a nonlinear phenomenon. 

[0107] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the 
present invention in its broader aspects is not limited to the 
speci?c details and representative embodiments shoWn and 
described herein. Accordingly, various modi?cations may be 
made Without departing from the spirit or scope of the 
general inventive concept as de?ned by the appended claims 
and their equivalents. 

pm 

What is claimed is: 
1. A nonlinear dispersion-shifted optical ?ber, Wherein a 

charomatic dispersion at a Wavelength of 1550 nm is equal 
to a set value required for optical signal processing utilizing 
a nonlinear phenomenon, a dispersion slope at a Wavelength 
of 1550 nm falls Within a range of 0.001 to 0.1 ps/nmz/km, 
a margin of ?uctuation of the charomatic dispersion in a 
longitudinal direction of the optical ?ber at a Wavelength of 
1550 nm falls Within a range of 0.01 to 3 ps/nm/km, and a 
nonlinear constant n2/Aeff at a Wavelength of 1550 nm is not 
smaller than 15><10_1°/W. 

2. The nonlinear dispersion-shifted optical ?ber according 
to claim 1, Wherein the dispersion slope at a Wavelength of 
1550 nm falls Within a range of 0.001 to 0.029 ps/nmz/km. 

3. The nonlinear dispersion-shifted optical ?ber according 
to claim 1, Wherein the dispersion slope at a Wavelength of 
1550 nm falls Within a range of 0.001 to 0.019 ps/nmz/km. 

4. The nonlinear dispersion-shifted optical ?ber according 
to claim 1, Wherein the margin of ?uctuation of the charo 
matic dispersion in the longitudinal direction of the optical 
?ber Within an optical ?ber length of 5 km falls Within a 
range of 0.01 to 0.2 ps/nmz/km. 

5. The nonlinear dispersion-shifted optical ?ber according 
to claim 1, Wherein a cut-off Wavelength is not longer than 
1350 nm, and a mode ?eld diameter is not larger than 4.5 

6. The nonlinear dispersion-shifted optical ?ber according 
to claim 1, Wherein change in the charomatic dispersion at 
a Wavelength of 1550 nm is not larger than 0.006 ps/nm/ 
km/10° C. When the temperature is changed by 10° C. 
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7. The nonlinear dispersion-shifted optical ?ber according 
to claim 1, comprising a ?rst core having a refractive index 
higher than that of a clad, a second core formed on the 
periphery of said ?rst core and having a refractive indeX 
loWer than that of a clad, and a clad formed on the periphery 
of said second core and having a refractive indeX substan 
tially equal to that of pure silica, Wherein an outer diameter 
D1 of said ?rst core falls Within a range of 3 to 8 urn, and 
a ratio D1/D2 of the outer diameter D1 of said ?rst core to 
an outer diameter D2 of said second core falls Within a range 
of 0.3 to 0.85. 

8. The nonlinear dispersion-shifted optical ?ber according 
to claim 7, Wherein refractive indeX pro?le of said ?rst core 
is shaped like an ot-eXponential pro?le, With 0t being not 
smaller than 3.0. 

9. The nonlinear dispersion-shifted optical ?ber according 
to claim 7, Wherein the ratio D1/D2 of the outer diameter D1 
of said ?rst core to the outer diameter D2 of said second core 
falls Within a range of 0.3 to 0.8. 

10. The nonlinear dispersion-shifted optical ?ber accord 
ing to claim 9, Wherein refractive indeX pro?le of said ?rst 
core is shaped like an ot-eXponential pro?le, With 0t being not 
smaller than 3.0. 

11. The nonlinear dispersion-shifted optical ?ber accord 
ing to claim 7, Wherein an absolute value of the charornatic 
dispersion at a Wavelength of 1550 nrn is not larger than 10 
ps/nrn/krn. 

12. The nonlinear dispersion-shifted optical ?ber accord 
ing to claim 11, Wherein an absolute value of the charornatic 
dispersion at a Wavelength of 1550 nrn is not larger than 6 
ps/nrn/krn. 

13. The nonlinear dispersion-shifted optical ?ber accord 
ing to claim 7, Wherein a relative refractive indeX difference 
A1 betWeen said ?rst core and a clad falls Within a range of 
1.6 to 3%, and a relative refractive indeX difference A2 
betWeen said second core and a clad falls Within a range of 
—1 to —0.1%. 

14. The nonlinear dispersion-shifted optical ?ber accord 
ing to claim 13, Wherein the relative refractive indeX differ 
ence A2 betWeen said second core and a clad falls Within a 
range of —1 to —0.5%. 

15. The nonlinear dispersion-shifted optical ?ber accord 
ing to claim 14, Wherein refractive indeX pro?le of said ?rst 
core is shaped like an ot-eXponential pro?le, With 0t being not 
smaller than 3.0. 

16. The nonlinear dispersion-shifted optical ?ber accord 
ing to claim 7, Wherein a relative refractive indeX difference 
As1 betWeen said ?rst core and pure silica falls Within a 
range of 1.6 to 3%, and the relative refractive indeX differ 
ence As2 betWeen said second core and pure silica falls 
Within a range of —1.2 to —0.9. 

17. The nonlinear dispersion-shifted optical ?ber accord 
ing to claim 16, Wherein the relative refractive indeX differ 
ence As3 betWeen said clad and pure silica falls Within a 
range of —0.7 to —0.1. 

18. The nonlinear dispersion-shifted optical ?ber accord 
ing to claim 17, Wherein refractive indeX pro?le of said ?rst 
core is shaped like an A-eXponential pro?le, With A being not 
smaller than 3.0. 

19. The nonlinear dispersion-shifted optical ?ber accord 
ing to claim 16, Wherein the second core of the optical ?ber 
preforrn for the optical ?ber is obtained by sintering the SiO2 
soot body formed with Vapour Phase Deposition Method 
under a puressurised atrnosphere including ?uorine. 
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20. The nonlinear dispersion-shifted optical ?ber accord 
ing to claim 1, further comprising a stress irnparting struc 
ture irnparting a stress to the optical ?ber. 

21. The nonlinear dispersion-shifted optical ?ber accord 
ing to claim 1, comprising a carbon layer or a silicon carbide 
layer formed on the periphery of the clad of the optical ?ber. 

22. An optical signal processing apparatus comprising the 
nonlinear dispersion-shifted optical ?ber recited in claim 1. 

23. A optical signal processing apparatus according to 
claim 22, comprising the nonlinear dispersion-shifted opti 
cal ?ber recited in claim 1 and at least a light source for a 
pumping light, and functioning as a Wavelength converter. 

24. AWavelength converter according to claim 23, corn 
prising the nonlinear dispersion-shifted optical ?ber recited 
in claim 1 and at least a light source for a pumping light, 
Wherein a Wavelength of the pumping light falls Within a 
range of (KO-3) nrn to ()to+3) nrn, Where )to represents Zero 
dispersion Wavelength of the nonlinear dispersion-shifted 
optical ?ber. 

25. AWavelength converter according to claim 24, corn 
prising the nonlinear dispersion-shifted optical ?ber recited 
in claim 1 and a light source for a pumping light, Wherein a 
Wavelength of the pumping light coincides With Zero dis 
persion Wavelength )to of the nonlinear dispersion-shifted 
optical ?ber. 

26. A nonlinear dispersion-shifted optical ?ber, cornpris 
ing a ?rst core having a refractive indeX higher than that of 
a clad, a second core formed on a periphery of said ?rst core 
and having a refractive indeX loWer than that of a clad, and 
a clad formed on a periphery of said second core and having 
a refractive indeX substantially equal to that of pure silica, 
Wherein an outer diameter D1 of said ?rst core falls Within 
a range of 3 to 8 urn, a ratio D1/D2 of the outer diameter D1 
of said ?rst core to an outer diameter D2 of said second core 
falls Within a range of 0.3 to 0.85 and nonlinear constant at 
a Wavelength of 1550 nrn is not small than 15><10_1O/W. 

27. The nonlinear dispersion-shifted optical ?ber accord 
ing to claim 26, Wherein an absolute value of the charornatic 
dispersion at a Wavelength of 1550 nrn is not larger than 10 
ps/nrn/krn. 

28. The nonlinear dispersion-shifted optical ?ber accord 
ing to claim 27, Wherein refractive indeX pro?le of said ?rst 
core is shaped like an ot-eXponential pro?le, With 0t being not 
smaller than 3.0. 

29. The nonlinear dispersion-shifted optical ?ber accord 
ing to claim 27, Wherein the D1/D2 of the outer diameter D1 
of said ?rst core to the outer diameter D2 of said second core 
falls Within a range of 0.3 to 0.80. 

30. The nonlinear dispersion-shifted optical ?ber accord 
ing to claim 29, Wherein refractive indeX pro?le of said ?rst 
core is shaped like an A-eXponential pro?le, With A being not 
smaller than 3.0. 

31. The nonlinear dispersion-shifted optical ?ber accord 
ing to claim 27, Wherein an absolute value of the charornatic 
dispersion at a Wavelength of 1550 nrn is not larger than 6 
ps/nrn/krn. 

32. The nonlinear dispersion-shifted optical ?ber accord 
ing to claim 31, Wherein refractive indeX pro?le of said ?rst 
core is shaped like an A-eXponential pro?le, With A being not 
smaller than 3.0. 

33. The nonlinear dispersion-shifted optical ?ber accord 
ing to claim 27, Wherein a relative refractive indeX differ 
ence A1 betWeen said ?rst core and a clad falls Within a 
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range of 1.6 to 3%, and a relative refractive index difference 
A2 between said second core and a clad falls Within a range 
of —1 to 0.1%. 

34. The nonlinear dispersion-shifted optical ?ber accord 
ing to claim 33, Wherein the relative refractive indeX differ 
ence A2 betWeen said second core and a clad falls Within a 

range of —1 to —0.5%. 
35. The nonlinear dispersion-shifted optical ?ber accord 

ing to claim 34, Wherein refractive indeX pro?le of said ?rst 
core is shaped like an A-eXponential pro?le, With A being not 
smaller than 3.0. 

36. The nonlinear dispersion-shifted optical ?ber accord 
ing to claim 27, Wherein a relative refractive indeX differ 
ence Asl betWeen said ?rst core and pure silica falls Within 
a range of 1.6 to 3%, and the relative refractive indeX 
difference As2 betWeen said second core and pure silica falls 
Within a range of —1.2 to —0.9. 

37. The nonlinear dispersion-shifted optical ?ber accord 
ing to claim 36, Wherein the relative refractive indeX differ 
ence As3 betWeen said clad and pure silica falls Within a 
range of —0.7 to —0.1. 

38. The nonlinear dispersion-shifted optical ?ber accord 
ing to claim 37, Wherein refractive indeX pro?le of said ?rst 
core is shaped like an ot-eXponential pro?le, With 0t being not 
smaller than 3.0. 

39. The nonlinear dispersion-shifted optical ?ber accord 
ing to claim 36, Wherein the second core of the optical ?ber 
preforrn for the optical ?ber is obtained by sintering the SiO2 
soot body formed with Vapour Phase Deposition Method 
under a puressurised atrnosphere including ?uorine. 
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40. The nonlinear dispersion-shifted optical ?ber accord 
ing to claim 27, further comprising a stress irnparting 
structure irnparting a stress to the optical ?ber. 

41. The nonlinear dispersion-shifted optical ?ber accord 
ing to claim 27, comprising a carbon layer or a silicon 
carbide layer formed on the periphery of the clad of the 
optical ?ber. 

42. An optical signal processing apparatus, comprising the 
nonlinear dispersion-shifted optical ?ber recited in claim 27. 

43. A optical signal processing apparatus according to 
claim 42, comprising the nonlinear dispersion-shifted opti 
cal ?ber recited in claim 27 and at least a light source for a 
pumping light, and functioning as a Wavelength converter. 

44. AWavelength converter according to claim 43, corn 
prising the nonlinear dispersion-shifted optical ?ber recited 
in claim 27 and at least a light source for a pumping light, 
Wherein a Wavelength of the pumping light falls Within a 
range of (KO-3) nrn to ()to+3) nrn, Where )to represents Zero 
dispersion Wavelength of the nonlinear dispersion-shifted 
optical ?ber. 

45. AWavelength converter according to claim 44, corn 
prising the nonlinear dispersion-shifted optical ?ber recited 
in claim 27 and at least a light source for a pumping light, 
Wherein a Wavelength of the pumping light coincides With 
Zero dispersion Wavelength )to of the nonlinear dispersion 
shifted optical ?ber. 


